Thirteen varieties of cabbage, including five commonly used commercial varieties and eight newly developed hybrids, were analyzed for their ability to undergo lactic acid fermentations. The rates of fermentation, total quantities of acids produced, and chemical analyses indicate that 11 of the 13 selections could support adequate fermentation at any of the three stages of maturation. However, two varieties G27 X G51 (105) and G60 X W-1 (106), harvested during the earlier phases of the 1967 and 1968 growing seasons, failed to undergo proper fermentations and consistently resulted in producing putrid products. These hybrids when harvested at the late stage of maturation were capable of producing total titratable acidities comparable to the acceptable varieties. However the resulting sauerkrauts were judged to be of poor quality. The inability of these varieties to support adequate fermentations may be due to growth inhibitory substances or the lack of inherent maturation-dependent growth factor(s) essential for the growth of lactic acid bacteria.
The requirements for high quality cabbage and the advent of mechanical harvesting have placed greater demands upon the introduction of new varieties of cabbage suitable for sauerkraut production.
During the 1967 and 1968 growning seasons, it was observed that two of the recently developed hybrids, G27 X G51 (105) and G60 X W-1 (106), failed to undergo proper lactic acid fermentations.
Although the latter varieties possessed many of the desirable attributes sought in the production of field cabbage, namely, high yield per acre, early maturity, excellent size, firmness, and color, they consistently produced spoiled or unacceptable sauerkrauts. Therefore, the purpose of the present study was to compare the chemical compositions and the effects of plant maturation upon the fermentation patterns of fermentable and poorly fermentable varieties of cabbage specially developed for the production of sauerkraut.
MATERIALS AND METHODS
Cabbage varieties. The varieties used in this study were Dutchmaster Ferry Morse 6201, King Cole, Roundup, Glory 61, and Large Glory. In addition to the above commercial varieties the following experimental hybrids were used: G27 X G51 (105), G60 X W-1 (106), G51 X C2 (V7), G83 X C2 (V8), C2 X G39 (v9), SI-2 X G83 (V1O), SI-2 X G51 (V1I), and DY32 X G83 (V12).
Seeds for the experimental hybrids were grown in flats in the greenhouse for 30 days and then transplanted for field studies. Hybrids 105 and 106 were harvested after 95, 112, and 124 days of growth. The remaining 11 varieties were harvested 100 and 125 days after seeding. This represents early, medium, and late harvest periods for New York State. A single median harvest was made in 1968, 115-days from seeding.
Immediately after harvest, the outer wrapper leaves were removed, and the heads were quartered, cored, and shredded. The shredded cabbage (12.0 kg) was distributed on stainless steel trays and salted with 0.27 kg of sodium chloride (2.25% w/w). The thoroughly mixed salted cabbage was packed into plastic containers (36 cm X 28 cm) then capped with a water seal (10 cm in depth) to assure anaerobiosis.
Each fermentor, equipped with three sampling ports, was examined for quantity and rate of acid formation. The acid levels reported represent the average values of 3 such determinations. The filled vats were incubated for at least 30 days at 23 C.
Analytical methods. Fresh shredded cabbage samples (25.0 g) were dried to constant weight under vacuum at 50 C. After moisture determinations, the dried cabbage was pulverized by grinding with mortar and pestle. Ashing was conducted for 2 Carbohydrate determinations. Pulverized cabbage samples, 100.0 mg, were extracted three times with 25 ml portions of hot water (60 C). After quantitative dilutions, the total carbohydrate content was determined by the anthrone reagent according to Neish (5) , and the reducing sugar content was determined by the micromethod of Park and Johnson (6) .
Fermentable carbohydrate. Dried cabbage samples representing 50, 100, and 150 mg, respectively, were added to a 10-ml volume of tryptone, salts, and yeast extract broth (TYE) by the method previously described (7) . The cabbage-TYE medium was autoclaved 121 C for 5 min and cooled immediately with flowing tap water. Autoclaving apparently did not affect the assay, since cabbage immersed in 70% ethyl alcohol for 4 hr and then evaporated to dryness under vacuum gave results identical to that of the heated methods.
Pediococcus cerevisiae (E66), a homofermentative coccus that ferments hexoses and pentoses and is often encountered in sauerkraut fermentation, was used as the test organism for determining the fermentable carbohydrate concentrations. The culture previously grown in 10 ml of Tryptone Glucose Yeast Extract (TGYE) broth (Difco) for 18 hr was centrifuged and washed three times with 10-ml volumes of sterile distilled water. One drop of the aqueous suspension was added to each assay tube. TYE broths containing 1.0, 2.5, 5.0, and 7.5 mg of glucose per ml were used for constructing the standard curve. After 5 days of incubation at 32 C, 2.0-mi volumes of the cultures were titrated with 0.02 N NaOH to pH 8.3. The amounts of acid produced were found to be directly proportional to the concentration of glucose added.
Titratable acidities. The total titratable acidity was determined as above. The values are expressed as per cent lactic acid. The volatile acids were recovered from 5.0-ml samples of the acidified brine by means of a Comes-Milano microsteam distillation apparatus by the method previously described (8) . The volatile acidity is expressed as per cent acetic acid.
RESULTS AND DISCUSSION
The selection and introduction of the best variety of cabbage for the production of sauerkraut is influenced by such factors as geographical location, disease resistance, soil type, fertilization practice, and the growing season. Since all the varieties in this report were grown and harvested under similar conditions, it must be concluded that any variations or abnormalities noted must be attributed to varietal differences.
The comparative rates of fermentation and the quantities of total acid produced by the various varieties produced nearly 1.5% total acidity, expressed as lactic acid, after 20 days of incubation. The fermentation rates and the final acid production obtained from the 11 fermentable varieties were similar (± 5%) throughout all stages of the growing season. However, 106 harvested at the earliest date, 95-days growth, displayed exceptionally poor fermentation capacities producing only 0.65% acidity within 30 days. This 50% decrease in final total acidity was also reflected in the higher pH values of the poorly fermenting variety. The brines of the fermentable varieties were lowered from pH 6.2 to pH 4.5 within 48 hr.
whereas 106 required 20 days of incubation to achieve a similar decrease in pH. The low acid production during the early critical phases of the fermentation coupled with the higher pH values undoubtedly contributed to the onset of spoilage.
The effects of maturation of 106 upon the growth enhancement of the lactic acid bacterial flora and measured as a function of the increased titratable acidity may also be observed. Extending the time of harvest by 17 days resulted in the formation of 1.1% acid or nearly a twofold increase in acidity of that observed in the earliest harvest. However the ability to produce only 0.2% total acidity within the first 3 days of incubation apparently had adverse effects upon the It is of interest to note that hybrids G51 X C2 (V7), SI-2 x G51 (VII), and G27 X G51 (105) carry a common parent G51; however, only the latter variety 105, showed poor fermentation capacities.
The success of the sauerkraut fermentation depends primarily upon the symbiotic relationships of the heterofermentative and homofermentative lactobacilli. The failure of either or both types to develop properly can adversely affect the fermentation. Since the heterofermentative leuconostocs have been reported to initiate the fermentation (5), the amount of volatile acidity and the ratios of volatile to total acids produced during the course of the fermentation may serve as a valuable index in determining the microbial sequence of the sauerkraut fermentation.
The rates and total amounts of volatile acids formed during the fermentations are shown in Fig. 2 . After 30 days of incubation, the early harvested 106 produced only 0.08% volatile acid (expressed as acetic acid), whereas that average amount of volatile acid produced by the other varieties was 0.28%. In both cases, the ratios of volatile acids to total acids was approximately 0.19. It was noted that the volatile acid content increased as a result of plant maturity. This latter increase in volatile acidity in conjunction with the increase in total acidity (Fig. 1) suggests that the early and median harvested 106 was incapable of supporting maximum growth for either the homofermentative or the heterofermentative lactic acid bacteria.
Since the rate and extent of microbial activity may be significantly influenced by substrate composition, the chemical compositions of the varieties were investigated. The comparative analyses of the chemical constituents of the poorly fermenting variety, 106, and that of the 11 fermentable varieties as a function of maturation, are shown in Table 1 .
The total carbohydrate content appears to be related to the variety of cabbage. On a dry weight basis, carbohydrate comprizes 35.0 to 49.7% of the total plant material ( Table 1 no inhibition was detected in this study. Thus when samples of the poorly fermenting varieties were added to the TYE supplemented assay medium at levels of 5, 10, 15, and 20 mg (dry weight) per ml, the final titratable acid values were proportional to the concentration of added cabbage. This suggests that the TYE supplements effectively repressed the bacteriostatic activity or contributed nutritional factors essential for the growth of lactic acid bacteria.
Although the deficiency or inhibition apparently became less pronounced with maturation, the resulting sauerkrauts still were of poor quality. This suggests that newly developed hybrids of cabbage should be thoroughly investigated prior to extensive use in commercial fermentation of sauerkraut.
